Background: To determine the feasibility of two chemotherapy regimens in elderly patients with advanced ovarian carcinoma (AOC).
Carboplatin and paclitaxel (CP) has become the standard for first-line treatment of AOC in most countries [5] [6] [7] [8] . However, few data are available about the tolerance of CP in ovarian cancer patients ‡70 years [9] . We therefore conducted a multicentre prospective trial in order to assess the safety of this standard combination in patients ‡70 years with stage III/IV epithelial carcinoma of the ovary.
Here we analyse the results of the two prospective trials conducted successively by our group of investigators in order to address whether the CP has a favourable or unfavourable effect on tolerance and OS in elderly women with AOC, in comparison with the CC regimen.
patients and methods study design
From 1998 to 2000 the Groupe d'Investigateurs Nationaux pour l'Etude des Cancers Ovariens (GINECO) enrolled 83 patients ‡70 years with AOC in 30 centres to investigate the CC combination: the CC group [3] . From 2001 to 2004, we used the same study design to enrol chemo-naive patients in a new open-label multicentre prospective trial to investigate the CP combination: the CP group.
The Independent Ethics Committee of Lyon University Hospital approved each study protocol before commencement. Written informed consent was obtained from each patient.
The primary end point of this study was to assess the feasibility of the regimens, defined as the completion of six courses of chemotherapy without disease progression, death due to any cause, or investigator's or patient's decision to stop treatment because of chemotherapy-related toxicity. Chemotherapy was considered non-feasible if discontinuation of treatment was necessary because of toxicity despite dose reduction. Secondary objectives included assessment of chemotherapy-induced side effects and the ability of some CGA parameters to predict tolerance and OS.
eligibility criteria
Eligibility criteria in both studies were similar: we included patients ‡70 years with stage III or IV ovarian epithelial carcinoma with a life expectancy of at least 3 months and normal blood parameters [laboratory quantities were as follows: neutrophils ‡1.5 · 10 9 /l, platelets ‡100 · 10 9 /l, rise in serum bilirubin level <2· the upper limit of normal (ULN), alanine aminotransferase (ALT), aspartate aminotransferase (AST) <2 · ULN, and/ or alkaline phosphatase (ALP) <3 · ULN]. Patients were ineligible if they had prior malignancy (excluding carcinoma in situ of the uterine cervix or urinary bladder, or basal cell carcinoma), prior chemotherapy or radiotherapy, serious medical or psychiatric illness that could affect the treatment, congestive heart failure, and history of hypersensitivity to Cremophor EL (Bristol-Myers-Squibb Co., Princeton, NJ) in the CP group.
treatment
In the CC group, patients received carboplatin AUC (area under the curve for drug concentration as a function of time) = 5 mgÁmin/ml and cyclophosphamide 600 mg/m 2 every 4 weeks [3] . In the CP group, carboplatin AUC = 5 mgÁmin/ml and paclitaxel (Taxol; Bristol-MyersSquibb Co., Princeton, NJ) 175 mg/m 2 were administered each 3-week cycle.
Patients received premedication before paclitaxel infusion with 20 mg of i.v. dexamethasone, 5 mg i.v. dexchlorpheniramine, and 300 mg i.v. cimetidine or 50 mg i.v. ranitidine. Antiemetics were given i.v.: ondansetron 8 mg or granisteron 3 mg. Subsequent premedication was used when clinically indicated. Patients continued therapy for up to six cycles. After six cycles, the investigator was allowed to prolong chemotherapy for three more courses if there was tumour response or stabilisation.
comprehensive geriatric assessment
Patients were checked by medical history for co-morbidity including atherosclerosis, congestive heart failure, hypertension, chronic obstructive pulmonary disease, diabetes mellitus type 1 or 2, and chronic renal insufficiency. Pre-treatment evaluation included Eastern Cooperative Oncology Group (ECOG) performance status (PS), body mass index (BMI), and haematology and blood chemistry (complete blood counts, haemoglobin, AST, ALT, ALP, c-glutamyltransferase, rise in bilirubin level, blood electrolytes, serum creatinine level and urea, total serum cholesterol value, and CA 125 assay). Screening also comprised electrocardiogram and computed tomography scans of the chest, abdomen, and pelvis. We carried out the CGA at study entry. It included evaluation of patient dependence, co-medication defined as the number of different drugs taken daily: 0-3, 4-6 or >6, nutritional status (total protein, albumin, prealbumin, C-reactive protein, and orosomucoid), and cognitive function using the Mini-Mental Status (MMS). We defined a MMS score of 24-30 as 'normal' and regarded a score <24 as an indicator of cognitive dysfunction [10] . Presence or absence of clinical symptoms of depression was evaluated in a similar way by the investigator for both groups. In the CP group, we recorded the Instrumental Activities of Daily Living (IADL) and the Hospital Anxiety and Depression Scale (HADS). The IADL includes nine skills a person needs to live independently [11] . The HADS is a brief widely used self-report assessment tool of anxiety and depression, ranging from 0 (no problem) to 42 (maximum emotional distress) [12] . evaluation criteria for toxicity 
statistical considerations
number of patients to be included in the study. Assuming an estimated end point frequency in the CC group of 76% [3] , we calculated that 70 patients would be required for the CP group to have 80% power to detect a 30% reduction in the relative risk with a two-sided alpha level of 5%.
patients' characteristics, CGA parameters, and toxic effects. We summarised data as means with standard deviations (SDs) for continuous variables and as numbers (percentages) of patients for categorical variables. To compare the baseline characteristics of the two groups in univariate analyses, we used the Pearson's chi-square or Fisher's exact test, as appropriate, for categorical variables and the Student's t-test for continuous variables.
survival analysis. We calculated duration of survival from the date of inclusion to the date of death from any cause. Survivors were censored at the date they were last known to be alive. OS was estimated using the Kaplan-Meier method with censored data. Comparisons were estimated by use of log-rank test. In order to assess the effects of covariates (i.e. the patients' characteristics and CGA parameters) on OS, we used the proportional hazards model, adjusted on the treatment combination, to test 
patients' characteristics
One hundred and fifty eight women above the age of 70 were included; 83 patients in the CC group from 7/1998 to 10/2000 and 75 patients in the CP group from 9/2001 to 4/2004. Three patients of the CP group were removed from the analysis due to non-epithelial histology, stage II epithelial carcinoma, and non-treated congestive heart failure. The characteristics of the 155 patients analysed are summarised in Table 1 . The 83 patients of the CC group were treated in 30 centres. The 72 patients of the CP group were treated in 23 of these 30 centres. Respectively 10% and 4% of the patients of the CC and CP group did not undergo initial surgery; the diagnosis was made by cytological examination of pleural or peritoneal effusion.
Women in the CC group presented more often with a PS of two or more (P = 0.06) and were significantly less likely to have had optimal initial surgery as compared with the CP group. Histological type and International Federation of Gynecology and Obstetrics (FIGO) stage were similar.
comprehensive geriatric assessment CGA parameters are shown in Table 2 . Presence of clinical symptoms of depression, abnormal MMS score, and co-medications were more frequent in the CC group. Median BMI was 22.9 (SD = 4.05) and 23.1 (SD = 4.70) in the CC and CP group, respectively. Baseline hypoalbuminemia was less frequent in the CP group (P = 0.07). In this group, IADL and HADS data were available in 56 and 42 patients, respectively. At least one IADL dependency was reported in 38 patients (68%). The median HADS score was 12 (range = 4-30; SD = 5.8).
feasibility and safety A total of 472 and 348 cycles were administered for the CC and CP group, respectively. One patient of the CC group was not evaluated for feasibility because of missing data. Sixty-two out of the 82 patients of the CC group [75.6%, 95% confidence interval (CI) 66% to 85%] and 49 out of 72 patients of the CP group (68.1%, 95% CI 57% to 79%) received six cycles of chemotherapy without severe toxicity or disease progression (P = 0.3). Both chemotherapy regimens appeared feasible, without any statistical difference between them.
Toxicity is summarised in Table 3 . All 155 patients who received at least one dose of chemotherapy were evaluated for toxicity. Details of toxicity in the CC group have been reported previously [3] . For the CP group, 23 patients discontinued treatment before receiving six courses. Reasons were toxicity (15 patients), disease progression (seven patients), and withdrawal of consent (one patient). One patient died after febrile neutropenia during cycle 4.
Women in the CC group were less likely to experience neutropenia compared with the women treated by the CP combination (8.1% versus 52.8%, P < 0.001), but more likely to have reduced platelets (39.5% of patients with <50 · 10 9 /l in this group versus 9.7% in the CP group, P <0.001). Low rates of grade 3-4 non-haematologic toxicity were observed for both regimens; except alopecia, neurosensory and neuromotor toxicity were worse with the CP regimen.
prognostic factors of OS
At the last update, 43% of the patients had died. Median OS for the entire population was 22.3 months (95% CI 15.1 to 29.5 months). Median OS was 21.6 months (95% CI 13.4 to 29.8 months) and 25.9 months (95% CI 17.4 to 34.5 months) for the CC and CP groups, respectively. Figure 1 shows OS by treatment group without adjustment for any prognostic factors. Adjustment for age, stage, and PS in a multivariable Cox regression model indicated that the risk of death was higher with the CP combination (P = 0.025, Table 4 ). In this multivariate analysis model, whereas the PS did not represent a significant independent predictor of mortality (P = 0.064), depressive symptoms at baseline appeared highly significant (P < 0.001). Figure 2 shows OS curves for the patients of the CP group, the univariate analysis for 2-year OS showed that the total HADS (<15 versus ‡15) was a prognostic factor (v 2 = 5.9; P = 0.015).
discussion
This study is the first trial reporting the outcomes of two different types of chemotherapy for women more than 70 years of age with AOC. The patients were enrolled prospectively We observed better prognostic factors in the CP group (PS 0-1, less symptoms of depression, and less co-medications) than in the CC group. Because it is commonly believed that 'frail' elderly patients might not be able to tolerate aggressive treatment, physicians are often reluctant to administer paclitaxel-based chemotherapy to these patients. Furthermore, women in the CP group initially had a better rate of optimal cytoreduction surgery, which has been shown to be the strongest predictor of improved median survival even after controlling for age [14] . On the basis of these factors, we expected a better survival in the CP group, but we did not find added benefits in terms of OS in comparison with the use of the CC regimen. In the International Collaborative Ovarian Neoplasm Study 3 (ICON3) randomised trial, the authors found no clear evidence that the CP combination was more or less effective than single-agent carboplatin in any subgroup for effects on OS: the subgroup of patients ‡65 years experienced a similar number of events in both chemotherapy groups [4] . Even though the design and the conduction of this last study are controversial, its results and ours raise questions about use of paclitaxel for elderly patients with AOC. Given the rates of febrile neutropenia, the risk of cytotoxicity-induced death (one patient in the CP group died), and our observation that the CP regimen was not associated with improved survival, the CP combination for elderly patients with AOC must be considered with caution. But given the absence of randomisation, a definitive conclusion regarding the efficacy of this combination cannot be drawn in our study.
Despite the toxicity, we must emphasise that our data showed the CP regimen as a feasible treatment for elderly AOC. Several studies have indicated that the CP combination has an acceptable toxicity profile regardless of patient age [9, 15] with the caveat that the clinical trials included only a small number of elderly patients not older than 78 years of age. Older patients have diminished haematopoietic reserve, which may lead to increased susceptibility to chemotherapy-induced myelosuppression [16] . Uyar and colleagues' [17] analysis of data obtained from 131 women ‡70 years with ovarian cancer 
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showed that haematologic toxicity increased with use of combination chemotherapy and with advancing age (47% of grade 3/4 haematologic toxicity for the age group 70-79 versus 79% for the age group ‡80, P = 0.006). In our study, the haematological toxicity was not similar between both groups, but the difference between both schedules of blood tests (every 4 weeks versus every 3 weeks) may have had underestimated this haematologic toxicity. However, we found that >50% and 8% of the women treated by the CP regimen had neutropenia grade 3/4 and febrile neutropenia, respectively. That is comparable with most of the prospective studies evaluating the CP combination in AOC [5] [6] [7] . du Bois and colleagues [5] reported an 8% rate of febrile neutropenia over all courses of CP treatment in patients with a median age of 56.7 years (range = 20.8-77.4). The CC regimen seems to be associated with greater rates of anaemia and thrombocytopenia, as reported by other investigators [13, 18] . These haematological toxic effects were, however, rarely associated with complications. Studies by Begg and Carbone [19] , Higgins et al. [9] , and Villella et al. [20] suggest no difference in the incidence of neurotoxicity in older patients compared with younger ones. We observed grade 3 neurologic symptoms in 12% of our CP group, and this may have a serious impact on the patient's independence. Chen and colleagues [21] showed a significant decline of the IADL score in 60 patients ‡70 years who were undergoing cancer chemotherapy. The impact of neurotoxicity (especially in elderly patients) has been poorly characterised, and few investigators have used validated instruments. Hay [22] , however, reported that chemotherapy regimens that cause less neuropathy in patients treated for ovarian cancer will have a positive impact on patient-assessed health status and quality of life. We did not succeed in determining specific predictive factors associated with an increasing rate of toxicity. Extermann and colleagues [23] conducted a pilot prospective study to determine whether independent specific factors influencing toxicity could be identified for elderly patients. Baseline functional, emotional, and mental status did not correlate significantly with the occurrence of severe chemotherapyrelated toxicity. In our previous report, among patients in the CC group who experienced severe toxicity necessitating treatment discontinuation, some variables such as depressive symptoms (P = 0.006), PS of two or more (P = 0.026), and dependence (P = 0.048) appeared to have independent predictive value [3] . Our failure to determine predictive factors for chemotherapy tolerance may be due to the high toxicity of the paclitaxel itself.
It is debatable to consider age as an independent prognostic factor for OS [24, 25] , as shown in our study. In order to evaluate more precisely the role of age in OS, CGA parameters should be taken into account. Co-morbidity and functional impairments were shown to be independently associated with survival from cancer [26] . The ECOG PS, which is a basic measurement of functional ability, does not include many areas of impaired function commonly seen in elderly patients [27] . There is evidence that presence of functional disabilities increases with age, and more than half of elderly patients with various cancers have reduced IADL score [28] . A conclusion regarding outcomes in the patients with IADL dependency in this study cannot be drawn because of the small sample size of evaluable data.
Presence of symptoms of depression, assessed by the investigator, was an independent prognostic factor in the CC group [3] and remains independently associated with mortality in the current pooled analysis. Furthermore, the HADS score, which is widely used to screen for major depression and adjustment disorders in oncology patients [29, 30] , is a prognostic factor of OS in the CP group. The association between mental health status and survival should be further investigated in patients with advanced cancer. 'Psychological distress' is a treatable condition which can be identified; the impact of a psychiatric intervention during cancer treatment should also be assessed.
CGA is probably the most widely available and useful assessment for the diagnosis of geriatric syndromes. Many manageable conditions (such as social problems, nutritional issues, and depression) can be identified in order to judge functional independence and to estimate tolerance of chemotherapy and probable survival. Our group is now planning to conduct a specific study to assess the value of psychosocial programs in elderly AOC patients who will be treated with a carboplatin-based chemotherapy but without any paclitaxel according to our present results.
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